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Abstract

The polyphagous navel orangeworm, Amyelois transitella Walker (Lepidoptera: Pyralidae), is a major
insect pest of almonds and pistachios in California (USA). Amyelois transitella moths have proven
difficult to monitor and control for over 5 decades; however, recent reports indicate progress towards
attractants using pheromone or semiochemical blends. Despite advances of a host plant volatile
attractant blend that is effective for monitoring moth populations in almond orchards, the blend’s
attractancy and capture efficacy of A. transitella has not translated to pistachio orchards. The appar-
ent orchard specificity of A. transitella to the blend suggests a different composition of host plant vol-
atiles is needed to either improve the current blend or a new blend formulation is required for
monitoring in pistachio orchards. One objective of this study was to evaluate available individual host
volatiles via a standardised puff method in combination with electroantennographic analysis. In total
105 volatiles were evaluated individually for their ability to elicit an electrophysiological chemorecep-
tion response from excised male and female A. transitella antennae. Male antennae responded signifi-
cantly higher to alcohols, aldehydes, alkyls, aromatics, and ketones. Female antennae responded

significantly higher to benzenoids, monoterpenes, sesquiterpenes, and short-chain alcohols.

Introduction

The navel orangeworm, Amyelois transitella Walker
(Lepidoptera: Pyralidae), has been a key insect pest of tree
nuts in California (USA) since the 1950s and 1960s (Ebel-
ing, 1959; Michelbacher & Davis, 1961; Wade, 1961; Beck
& Higbee, 2013) and continues to inflict significant dam-
age and economic losses to the almond and pistachio
industries (Higbee & Siegel, 2009; Niederholzer, 2012).
The larvae of navel orangeworm have been shown to vec-
tor aflatoxigenic aspergilli fungal spores (Palumbo et al.,
2008, 2014) resulting in food safety concerns worldwide
regarding mycotoxin contamination of tree nuts (Camp-
bell et al.,, 2003). Despite numerous efforts over the years,
effective control of the navel orangeworm to date has
relied primarily on insecticide sprays, proper orchard
sanitation (Higbee & Siegel, 2009), and developing use of
mating disruption (Higbee & Burks, 2008; Niederholzer,
2012; UCIPM, 2013).

*Correspondence: E-mail: john.beck@ars.usda.gov

Numerous efforts to control or monitor A. transitella
over the years have utilised both pheromonal and non-
pheromonal tactics (Beck & Higbee, 2013). The female-
produced sex pheromone blend is known (Coffelt et al.,
1979; Leal et al., 2005; Kuenen et al., 2010) and a four-
component synthetic blend has recently demonstrated
good trapping efficacy of male A. transitella in tree nut
orchards (Beck & Higbee, 2013).

Host plant volatiles have been shown to play a large role
in attracting herbivorous insects (Bruce et al., 2005; Norin,
2007; Bruce & Pickett, 2011; Pickett et al., 2012; Najar-
Rodriguez et al., 2013). Generalist (i.e., polyphagous)
insects or multivoltine insects with several generations
within a growing season are likely to encounter volatile
bouquets with phenologically progressive or complex
chemical compositions (Tasin et al., 2005; Bruce & Pick-
ett, 2011; Braasch et al., 2012; Najar-Rodriguez et al,,
2013). As such, phytophagous insects such as the navel
orangeworm are thought to recognise chemical cues
through varying mechanisms, such as specific ratios of
ubiquitous host plant volatiles (Bruce et al., 2005) or back-
ground odours enhancing orchard-specific volatiles
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(Schroder & Hilker, 2008). Thus, it is important to con-
sider the individual odourants of each crop and their phe-
nological expression when evaluating the host plant
volatiles for semiochemical activity.

A synthetic blend of host plant volatiles has been
recently shown to attract both sexes of navel orangeworm
in almond orchards (Beck et al., 2012a); however, this
blend, which was based on almond tissue emissions, did
not efficaciously attract navel orangeworm in pistachio
orchards (Beck & Higbee, 2013; Beck et al., in press). Sub-
sequently, our laboratories have undertaken the task of
developing a blend of volatiles attractive to A. transitella in
pistachio orchards. Using identified and available volatiles,
and a standardised method for each volatile (Beck et al.,
2012b), we have employed electroantennographic (EAG)
analysis as a means to screen the numerous volatiles from
both almond and pistachio tissue matrices for their che-
moreception specificity by female and male A. transitella.

There are various approaches for the development of
blends of varying chemical composition, including demar-
cation by chemical class, EAG response amplitude, or con-
centrations based on relative amounts (Jang et al., 1989;
Park et al., 2002; Beck et al., 2012b). In addition, the vary-
ing responses of female and male antennae to structural
classes of compounds (Raguso et al., 1996) should be con-
sidered. Due to the high number of volatiles included
herein the objective of this report was to make available
the extensive EAG results and thus provide data for differ-
ent approaches for the development of new blends based
on the chemoreceptivity of A. transitella.

Materials and methods

Gas chromatography-mass spectrometry (GC-MS) analysis

All volatiles tested were checked by GC-MS for purity and
verification of identities. The volatiles’ retention indices
were compared with an internal database and the volatile
identity further confirmed using NIST (NIST02) and
Wiley (7th) fragmentation pattern databases. Volatiles
were analysed on either a J&W Scientific (Folsom, CA,
USA) DB-Wax column or a J&W Scientific DB-1 (both
60 m x 0.32 mm inner diameter x 0.25 pm), installed
on HP-6890 GCs coupled to HP-5973 mass selective
detectors (Palo Alto, CA, USA). The instrument parame-
ters and methods used were identical to those previously
published (Beck et al., 2009).

Volatile preparation for bioassay

Solutions of each volatile were prepared at a concentra-
tion of 5 mg ml™' in pentane (VWR, Radnor, PA,
USA), transferred to a glass vial, tightly sealed, and
either immediately used or refrigerated until used. If

refrigerated, the sealed vial was allowed to warm to
room temperature prior to use. The same procedure
previously described (Beck et al., 2012b) was used
for the loading of the material onto oven-dried
6.0-mm-diameter assay discs (Whatman; Sigma-Aldrich,
St. Louis, MO, USA) and insertion into Pasteur pipets
(VWR) for odour/puff delivery. Briefly, a 50-pl glass syr-
inge was used to deliver 10 ul of the 5 mg ml™" solution
onto the assay disc, the pentane solvent was allowed to
evaporate from the disc for 2 min, the disc inserted into
a labelled, disposable 14.3-cm-long Pasteur pipet, and
the ends sealed with Parafilm (VWR).

Electroantennographic (EAG) analysis

Insect rearing and electrophysiological recording protocols
used were identical to previously published (Beck et al.,
2012b). Briefly, individual 3- to 4-day-old male and female
moths were transferred into small, lidded plastic contain-
ers the morning of the assay. Moths were assumed to have
mated as they were allowed to cohabitate in the same jar
from the time they emerged as adults until their removal
from the jar just prior to evaluation. Approximately
12 min before each experiment, the moth to be tested was
transferred head first into a holding apparatus (i.e., made
from various plastic pipettor tips) and secured from
behind. Manipulation of the antennae was viewed under a
low-power stereo-microscope to facilitate excision. The
moth antennae were teased out using a wire-tipped tool.
The electrode fork holder (Syntech, Kirchzarten, Ger-
many) with a small bead of electrode gel (Parke, Fairfield,
NJ, USA) was placed in close proximity for quick transfer
of the excised antennae. The fork holder with the excised
antennae was immediately connected to the pre-amplifier
and placed under a stream of humidified air (200 ml per
min). Antennal responses to the individual volatiles were
started exactly 10 min after antennae excision and
recorded on a 4-channel acquisition controller (Syntech,
Hilversum, The Netherlands). Each puff stimulation
diverted the airstream for a 2-s duration through the test
volatile pipet and onto the antennal preparation with a
1-min recovery period between puffs of volatiles. This
study spans a 3-year series of experiments conducted to
screen the 105 test volatiles. Each excised antennae pair
was exposed to sets of 4-6 individual test volatiles for both
female and male antennae. In addition, puffs of acetophe-
none as a positive control/standard (Beck et al., 2012b)
were delivered at the beginning and end of each experi-
ment. Pentane (10 pl) prepared under identical condi-
tions was used as a negative control and puffed during the
midpoint of the treatments for each experiment. For all
replicate sample puffs, the order of volatiles presented was
randomised.



Data analysis
For each EAG experiment, the antennal response ampli-
tude in PV to the negative control was subtracted from the
antennal response to each individual volatile, including
the control/standard acetophenone. Next, the antennal
responses of the two acetophenone puffs (first and last
puffs of each experiment), minus the negative control
response, were averaged and then corrected to a value
of 1000 uV for the positive control (Beck et al,
2012b). Raw EAG responses of the female and male anten-
nae to acetophenone (mean + SEM; n = 50 each) were
1137 £ 30 and 1262 £ 35 pV, respectively (t-test:
= —2.968, d.f. = 98, P = 0.008). EAG response ampli-
tudes to the test volatile puffs were converted to the pro-
portion of the average corrected response to acetophenone
within each set. The corrected replicate values for each
experiment were then pooled, averaged, and reported. Sta-
tistical analyses were performed using SigmaStat, version
4.0 (Systat Software, San José, CA, USA). Normality of the
EAG pV data was analysed with the Shapiro-Wilks test. If
response data were not normal in distribution then they
were V(x + 0.05)-transformed prior to analysis of variance
(ANOVA). Normalised data for each class of volatiles were
analysed with ANOVA, and if significant effects were
found the means were separated by Tukey’s test. For each
volatile, female and male EAG pV response data were
compared using a t-test.

Results and discussion

In total 105 volatiles from almond and pistachio matrices
(Tables 1 and 2) were available for the survey of electro-
physiological responses of female and male navel orange-
worm antennae. Of the 105 available volatiles, 55 were
associated with almond emissions, 29 with pistachio emis-
sions, and 21 were associated with both orchards (Beck
et al., 2008, 2009, 2011a,b, 2012a; Roitman et al., 2011;
Mahoney et al., 2014). The relatively low number of avail-
able pistachio volatiles for this study is not fully represen-
tative of pistachio volatile profiles, as pistachios in general
emit a larger number of volatiles, typically terpenoids, than
almonds (Beck et al., 2009, 2014b; Roitman et al., 2011).
For purposes of analysis and discussion, the 105 volatiles
were delineated into 12 broad structural classes of com-
pounds (Figure 1) — alkyl (4), short-chain alcohols (6),
alcohols (5), spiroketals (2), aromatics (2), benzenoids
(18), aldehydes (6), ketones (7), esters (10) with one fur-
ther classified as an acid, lactones (3), monoterpenes (22),
and sesquiterpenes (20).

For all classes of volatiles analysed in Table 1 the female
antennae had an average response of 532 UV (range
17-1 885 uV). Similarly, male antennae had an average
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response of 573 puV (range 66-1 754 pV). Largely, the
female and male pooled antennal responses were statisti-
cally different between the sexes, with female responses
greater for the classes representing short-chain alcohols,
benzenoids, monoterpenes, and sequiterpenes (Figure 1).
The male responses were greater for the classes of alkyls,
aromatics, and ketones, and dominantly larger for the
alcohol and aldehyde classes. This increased response by
male antennae to the aldehyde moiety has been noted by
Liu et al. (2010) regarding components of the female-
produced sex pheromone bouquet, which contains several
long-chain aldehyde components.

Sexual dimorphic differences were observed for 55% of
the test volatiles with antennal responses significantly
greater for 24 volatiles for females and 34 volatiles for
males (Table 1). When the female and male antennal
responses to individual volatiles were compared, the elec-
trophysiological differences between classes were further
delineated. The average female antennal response to the
top 25 volatiles, eliciting the highest responses from the
navel orangeworm, was 1 034 pV (range 732-1 885 uV)
(Figure 2). Surprisingly, the female antennae responded
more favourably to monoterpenes, with nine of the top 25
volatiles in that class, and seven of the monoterpenes in
the top 10 volatiles. Notably, three of the seven monoter-
penes in the top 10 possessed an alcohol moiety. The nine
monoterpenoids in the top 25 volatiles for females include
the most stimulating volatile, sabinene hydrate, followed
by (Z)-ocimene, (S)-o-pinene, terpine-4-ol, linalool,
o-terpinolene, A’-carene, (R)-limonene, and (E)-B-ocimene.

There are reports of monoterpenes serving as either ovi-
positional or host-locating attractants for other lepido-
pterans (Stadler, 1974; Fatzinger & Merkel, 1985; Leather,
1987; Shu et al., 1997). More specifically, monoterpenes
such as o-pinene, B-pinene, limonene, and myrcene have
been shown to elicit ovipositional behaviour from other
pyralid moths (Fatzinger & Merkel, 1985; Shu et al,
1997). a-Pinene and limonene were listed in the top 25
volatiles for eliciting high EAG responses from the female
navel orangeworm antennae, but researchers have noted
discrepancies or poor correlations between the degree of
actual behavioral activity and electrophysiological
response amplitudes of other Pyralidae and certain mono-
terpenes (Shu et al., 1997). For instance, antennae of the
fir coneworm moth, Dioryctria abietivorella Grote,
responded with low amplitude EAG responses to limonene
and higher amplitude responses to both myrcene and
A’-carene, whereas limonene stimulated a moderate and
the other two a stronger ovipositional response in behavio-
ural assays (Shu et al., 1997). To exemplify electrophysio-
logical differences among pyralid species, where the
fir coneworm moth responded well in EAG assays to
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Table 2 Statistical values (ANOVA or t-test) for comparison of
compounds within a class for female and male antennal
responses

F/t and P values
Class' Q 3
Alkyl Fs,5 = 2.908, Fs,5 = 5.469,
P = 0.054 P = 0.005
SCA/Alcohol  Fyge9 = 15.088, Fio72 = 59.081,
P<0.001 P<0.001
Spiroketal t;, = 0.664,P =0.52  t;, = 3.170,P = 0.008
Aromatic t;; = 2.032,P =0.070 t;, = 6.165, P<0.001
Benzenoid Fi7142 = 20.502, Fi7,150 = 43.340,
P<0.001 P<0.001
Aldehyde Fs 35 = 2.768, Fs 40 = 4.419,
P =0.032 P =0.003
Ketone Fgaa = 23.638, Fs 39 = 68.169,
P<0.001 P<0.001
Ester Fge0 = 12.691, Fg 54 = 38.176,
P<0.001 P<0.001
Lactone F,15 = 10.376, Fy15 = 18.666,
P = 0.002 P<0.001
Monoterpene  Fy 135 = 35.570, F31,145 = 60.803,
P<0.001 P<0.001
Sesquiterpene  Fg 129 = 24.499, Fa1,137 = 30.423,
P<0.001 P<0.001

'Compound class by major functional group or class. SCA, short-
chain alcohol (fewer than six carbon atoms).

myrcene, in our study the antennae of both female and
male navel orangeworm responded poorly: 128 and
254 v, respectively.

In addition to several volatiles from this class of com-
pounds eliciting high EAG responses (Figure 2), the
importance of monoterpenes for the female antennae is
corroborated by two recent studies: Nay et al. (2012)
showed that pistachio mummies attracted female navel or-
angeworm moths to traps in both almond and pistachio
orchards, and work in our laboratories confirmed pista-
chio mummies evoke both attraction and oviposition by
female navel orangeworm (Beck et al., in press). The vola-
tile profile of pistachio mummies was determined to com-
prise primarily monoterpenes, including (Z)-ocimene,
o-pinene, limonene, and others (Beck et al., 2014a).

Another noteworthy observation from Figure 2 and the
top 25 volatiles eliciting female antennal responses was the
inclusion of all five components of a synthetic host plant
volatile blend shown for the past 3 years to attract both
sexes of navel orangeworm moths in almond orchards
(Beck et al., 2012a; Beck & Higbee, 2013). Ethyl benzoate
(ranking 8th), 1-octen-3-ol (9), methyl salicylate (11), ace-
tophenone (13), and conophthorin (25) all elicited fairly

strong responses, with ethyl benzoate, methyl salicylate,
and conophthorin eliciting higher responses from the
female than the male antennae.

The top 25 volatiles that elicited the highest amplitude
responses from male navel orangeworm antennae shared
some similarities with the top 25 volatiles for female anten-
nae, but also demonstrated some important differences
(Figure 3). The average response for the male was
1 194 pV — a little higher than the female value — and the
male top 25 had a range of 857—1 700 uV. Eleven of the 25
volatiles — 2-heptanol, sabinene hydrate, 3-octen-2-one,
1-octen-3-ol, linalool, terpineol-4, 3-octanone, acetophe-
none, (E)-B-ocimene, ethyl hexanoate, and valencene —
were common to both lists of the top 25 EAG elicitors.
Moreover, where the female top 25 volatiles had all five
components of the bisexually attractive synthetic blend,
only two of the volatiles, 1-octen-3-ol and acetophenone,
were in the top 25 volatiles for males, with the other
co-attractant volatiles ranking at 35 (conophthorin), 45
(ethyl benzoate), and 53 (methyl salicylate). In almond
orchards this synthetic five-component blend attracts wild
male moths in slightly greater numbers than female moths
(Beck et al., 2012a), despite the chemoreceptive sensitivi-
ties/affinities to these key volatiles being greater for female
navel orangeworm antennae.

The most striking difference between the male and
female top 25 volatiles was the composition of the classes
of compounds evoking the highest male responsiveness.
Only four of the 25 volatiles for male sensitivity were mono-
terpenes (cf. nine for female sensitivity) and three of those
were monoterpenoid alcohols. Moreover, for the top 25
stimulatory volatiles for males there were large increases in
the number of fatty acid breakdown products (alkanals)
and fungal volatiles (alkanols and alkanones) over those in
the female ranking of volatiles. This apparent trend of the
males” higher response to volatiles that are present in or
derived from further stages of nut decay (fungal or oxida-
tive) would need to be further investigated for their semio-
chemical activity. Several of the volatiles noted in Figure 3
were also detected in wet pistachio and almond mummies
(Beck et al.,, 2014b), as well as from fungal-contaminated
almond kernels (Beck et al., 2011b). One possibility for this
could be that males are attracted to decayed nuts, such as
mummies from which A. transitella emerge (Kuenen &
Siegel, 2010). It is obligatory for their survival that the
non-diapausing navel orangeworm moths are attracted to
post-harvest nuts remaining in the orchard primarily as
stick-tights and mummies. Navel orangeworm larvae
develop and then emerge as adults during the prolonged
period from late summer harvest through the development
of the next nut crop the following spring. The majority of
mating of A. transitella moths has been shown to occur
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Figure 1 Mean (£ SE) electroantennographic responses ([tV) of female and male Amyelois transitella to the defined classes of compounds
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values for a particular class of compounds are denoted by *0.01<P<0.05, **0.001<P<0.01, and ***P<0.001 (t-test). SCA, short-chain

alcohol (fewer than six carbon atoms).

within the first 2 days after emergence (Parra-
Pedrazzoli & Leal, 2006). The attraction of male A. transitel-
la to mummies might increase their chances of mating with
a female as she emerges from mummy nuts during early
spring flights.

Also of interest in this study were certain observed struc-
ture-activity aspects or subtle changes in chemical struc-
ture that appeared to affect the amplitude of EAG
responses. These subtle structural changes may suggest
evolved higher sensitivities and affinities for particular vol-
atiles over other related volatiles in the various class group-
ings. A number of structural differences in closely related
volatiles had significant effects on the evoked EAG ampli-
tudes, including differences in chain length, functional
group, configuration of alkene, and constitutionally iso-
meric acyclic, cyclic, and polycyclic configurations of the
volatiles. For instance, an increase in aliphatic chain length

generally appeared to be associated with increasing EAG
responsiveness for various classes of compounds. This
observation included the alkyls with 1-dodecene eliciting
the highest antennal response, short-chain vs. longer chain
alcohols, ketones, esters (for males in particular), and the
lactones.

Addition of an alkene moiety had varying effects on
overall female and male antennal responses. For instance,
for male antennae 1-hexanol elicited a significantly higher
amplitude response than (Z)-3-hexen-1-ol, yet the oppo-
site, and significant response was noted for the female
antennae for these two volatiles. A second example was
nonanal and non-2-enal, which elicited significantly differ-
ent responses from male antennae. For the ketones, place-
ment of the carbonyl, or alternatively the length of the side
chain may have an effect on antennal responses. For
instance, 2-octanone and 3-octanone elicited significantly
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Figure 2 The top 25 compounds eliciting the highest electroantennographic responses (LV) from female Amyelois transitella and the
associated male antennal response. Values are averages of n = 4-11 and are corrected to the antennal response to the standard
acetophenone (1000 pV). Significant differences between female and male values are denoted by *0.01<P<0.05, **0.001<P<0.01, and
***¥P<0.001 (t-test). Different letters next to mean values for the female denote a significant difference between the responses to the

individual volatiles (Tukey’s test: P<0.05).



Navel orangeworm EAG responses 227

2-Heptanol 849 | Hxx
1-Hexanol kK
Sabinene hydrate 1885
3-Octen-2-one 803 *kk
1-Octen-3-ol 1070 | *
Linalool 1202 | *x
Nonanal 553 *kk
Terpineol-4 1213

Decyl acetate *kk
Decanal Hkk
Heptanal

>
E 2-Undecanone Kk
g Octanal *kk
é‘ 2-Phenylethanol *kk
<}
© Non-2-enal *kk
1-Dodecene 612
3-Octanone
Acetophenone 1000 | *%
Chalcogran *k
Undecane *%
(E)-B-Ocimene 848 |
(Z2)-3-Hexenyl acetate 651 *
(Z)-3-Hexenyl benzoate 617 *%
Ethyl hexanoate 875 |
E Males
Valencene 879 | O Females
('I) SCI)O 10I00 15I00 20I00 25IOO 30I00 35I00 40IOO

Mean antennal response (uV)

Figure 3 The top 25 compounds eliciting the highest electroantennographic responses ([tV) from male Amyelois transitella and the
associated female antennal response. Values are averages of n = 4-11 and are corrected to the antennal response to the standard
acetophenone (1000 (V). Significant differences between female and male values are denoted by *0.01<P<0.05, **0.001<P<0.01, and
*#*P<0.001 (t-test). Different letters next to mean values for the male denote a significant difference between the responses to the
individual volatiles (Tukey’s test: P<0.05).
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different amplitude responses from both female and male
antennae.

Simple changes in a number of the benzenoids pro-
duced significant differences in antennal responses. For
example, both male and female antennae responded well
to acetophenone, yet when the methyl group is changed to
hydrogen (to give benzaldehyde) the antennal response of
both sexes drops significantly by more than half. Also of
note was the significantly higher male antennal response
to the alcohol 2-phenylethanol than to the corresponding
aldehyde phenylacetaldehyde. Finally, there was no signifi-
cant difference in response by both sexes to methyl salicy-
late and methyl benzoate, which only differ by a hydroxyl
group at the ortho position. However, when the hydroxyl
group of methyl salicylate is an amine, as in methyl anthra-
nilate, the result was a 2-4x decrease in EAG amplitude
for males and females, respectively.

The acyclic, monocyclic, and bicyclic subclasses of mono-
terpenes were among the top 10 volatiles eliciting the high-
est antennal responses for both sexes. For monocyclic
monoterpenes, the relative locations of the alkenes had
varying effects on the elicitation of antennal responses for
both female and male navel orangeworm. For o- and
y-terpinene, the change from a conjugated and cyclic 1,3-
alkene to the cyclic 1,4-alkene had no significant change in
antennal response for males or females. Moving a cyclic
alkene of o-terpinene to the exocyclic position to give
a-terpinolene resulted in a significant difference in the
response by the female antennae. Another movement of the
exocyclic alkene to the terminal alkene of limonene numeri-
cally reduced the antennal responses of both sexes relative
to o-terpinolene.

Hydration of the exocyclic alkene of a-terpinoline to
give the tertiary alcohol terpineol-4 significantly increased
responses for male, but not female antennae. Acetylation
of the hydroxyl group of terpineol-4 to give o-terpinyl
acetate significantly decreased antennal responses by
2.6x and 7x for females and males, respectively; thus
suggesting an important role of the hydroxyl group in
chemoreception.

In general, chirality of the tested monocyclic limonene
enantiomers had no significant effect on responsiveness of
the sexes. One exception was the chirality of a-pinene,
which had significant effects with the (1S) enantiomer
exceeding the (1R) enantiomer for female, but not male
antennae. Repositioning of the cyclic alkene in (1S)-
a-pinene to the terminal alkene in f-pinene significantly
decreased the antennal response level for only females. The
most dramatic structure-activity change for the monoter-
penoids was the hydration of the terminal alkene in sabin-
ene to give the tertiary alcohol, sabinene hydrate — the first
and third ranked stimulating volatiles for female and male

antennae, respectively; again suggesting the hydroxyl
group as an important moiety for chemoreceptivity.
Finally for the sesquiterpenes, the bicyclic volatiles valen-
cene and [-selinene evoked significantly greater antennal
responses for both sexes over the various acyclic, monocy-
clic, and tricyclic sesquiterpene volatiles tested.

The identification of several new compounds that elic-
ited high EAG responses from navel orangeworm moth
antennae, particularly terpenoids for females and fungal
or fatty acid breakdown products for the male, provide
new candidate semiochemicals for inclusion in ongoing
studies. For instance, as pistachio orchards emit primar-
ily monoterpenes (Roitman et al., 2011; Beck et al, in
press) and Figure 2 showed that several monoterpenes
elicited large antennal responses from female navel or-
angeworm, a logical start for the formulation of candi-
date blends should include volatiles from this class of
compounds. The data and discussions provided support
the primary goal of this study, which was to report these
data to advance the development of monitoring lures
and other potential semiochemical-based control tactics
for the navel orangeworm moth. Furthermore, the
chemoreception analysis and database presented provide
a foundation for future -electrophysiological and
behavioural studies with A. transitella, and perhaps other
Pyralidae.
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